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Description 

Technical Field 

5 The present invention relates generally to auditory prostheses and more particularly to auditory prostheses 

having adjustable acoustic parameters. 

Baclcground Art ' 

10 Auditory prostheses have been utilized to modify the auditory characteristics of sound received by a user 

or wearer of that auditory prosthesis. Usually the intent of the prosthesis is, at least partially, to compensate 
for a hearing Impairment of the user or wearer. IHearing aids which provide an acoustic signal in the audible 
range to a wearer have been well known and are in example of an auditory prosthesis. More recently, cochlear 
implants which stimulate the auditory nerve with an electrical stimulus signal have been used to compensate 

IS for the hearing impairment of a wearer. Other examples of auditory prostheses are implanted hearing aids 
which stimulate the auditory response of the wearer by a mechanical stimulation of the middle ear and pros- 
theses which otherwise electromechanically stimulate the user. 

Hearing impairments are quite variable from one individual to another individual. An auditory prosthesis 
which properly compensates for the hearing impairment of one individual may not be beneficial or may be dis- 

20 ruptive to another individual. Thus, auditory prostheses must be adjustable to serve the needs of an individual 
user or patient. 

The process by which an individual auditory prosthesis is adjusted to be of optimum benefit to the user of 
patient is typically called "fitting". Stated another way, the auditory prosthesis must be "fit" to the individual 
user of that auditory prosthesis in order to provide a maximum benefit to that user, or patient. The "fitting" of 
25 the auditory prosthesis provides the auditory prosthesis with the appropriate auditory characteristics to be of 
benefit to the user. 

This fitting process involves measuring the auditory characteristics of the individuars hearing, calculating 
the nature of the acoustic characteristics, e. g., acoustic amplification in specified frequency bands, needed 
. to compensate for the particular auditory deficiency measured, adjusting the auditory characteristics of the 

30 auditory prosthesis to enable the prosthesis to deliver the appropriate acoustic characteristic, e. g., acoustic 
amplification in specified frequency bands, and verifying that this particular auditory characteristic does com- 
pensate for the hearing deficiency found by operating the auditory prosthesis in conjunction with the Individual. 
In practice with conventional hearing aids, the adjustment of the auditory characteristics Is accomplished by 
selection of components during the manufacturing process, so called "custom" hearing aids, or by adjusting 

35 potentiometers available to the fitter, typically an audiologlst, hearing aid dispenser, otologist, otolaryngologist 
or other doctor or medical specialist 

Some hearing aids are programmable In addition to being adjustable. Programmable hearing aids have 
some memory device which store the acoustic parameters which the hearing aid can utilize to provide a par- 
ticular auditory characteristic. The memory device rnay be changed or modified to provide a new or modified 

40 auditory parameter or set of auditory parameters which in turn will provide the hearing aid with a modified au- 
ditory characteristic. Typically the memory device will be an electronic memory, such as a register or randomly 
addressable memory, but may also be other types of memory devices such as programmed cards, switch set- 
tings or other alterable mechanism having retention capability. An example of a programmable hearing aid 
which utilizes electronic memory is described in U. S. Patent No. 4,425,481, Mangold et al. With a program- 

45 mable hearing aid which utilizes electronic memory, a new auditory characteristic, or a new set of acoustic 
parameters, may be provided to the hearing aid bya host computer or other programming device which includes 
a mechanism for communication with the hearing aid being programmed. 

In order to achieve an acceptable fitting for an individual, changes or modifications in the acoustic para- 
meters may need to be made, either initially to achieve an initial setting or value for the acoustic parameters 

50 or to revise such settings or valuations after the hearing aid has been used by the user. Known mechanisms 
for providing settings or valuations for the acoustic parameters usually involve measuring the hearing impair- 
ment of an individual and determining the setting or value necessary for an individual acoustic parameter in 
order to compensate for the hearing impairment so measured. 

A persistent problem in such fitting procedures is that the measuring and the adjustments in the acoustic 

55 parameters during fitting must be made using the auditory prosthesis itself which provides some practical dif- 
ficulties. If the fitting procedure is automated, as is sometime the case, the automatic features of the fitting 
process must be stopped and a physical, usually mechanical, adjustment of the acoustic parameters must be 
made while the auditory prosthesis is operated or utilized in conjunction vyith the user. Such manual, physical 
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processes not only consume a lot of time but also involve the user, patient, of the auditory prosthesis and, thus, 
makes the fitting process long and arduous for the patient. 

Disclosure of Invention 

5 " ' 

The present invention provides a method and apparatus for determining the acoustic parameters for an 
auditory prosthesis without the manual, arduous, time consuming steps required in the past. 

The present invention-utilizes a software model of the auditory prosthesis which may be stored indepen- 
dently of the actual auditory prosthesis being fitted to determine the acoustic parameters to be utilized. Atrans- 
10 fer function of the auditory characteristics of the individual auditory prosthesis tq be fitted, or of an exemplary 
model of such an auditory prosthesis, is created, transformed into a table, or other usable form, and stored in 
software usable by an automated fitting program. The automated fitting program may then "test" or try be iter^ 
ative process, the various settings for the acoustic parameters of the auditory prosthesis and accurately de- 
temnine the results without actual resort to the physical auditory prosthesis itself. Since the transfer function 
15 of the auditory prosthesis Is stored in software, it is no longer necessary to halt the automated fitting process 
to physically adjust the auditory prosthesis. The automated fitting process, thus, remains automated and the 
fitting process is greatly accelerated and enhanced. Further, since less time is required for each step in the 
fitting process, a greater accuracy may be obtained in the same amount of fitting time. Alternatively, since 
less time is required for each step, the fitting process may be accelerated and more patients may be treated 
20 by the technician in the same amount of time. 

The present invention is designed for use with an auditory prosthesis having acoustic parameters which 
at least in part detemnine the acoustic fitting function of the auditory prosthesis, the acoustic paranneters being 
adjustable. 

, According to a first aspect of the present invention there Is provided a method of determining acoustic para- 
25 meters of an auditory prosthesis which will provide a user of said auditory prosthesis with a target auditory 
response, said auditory prosthesis having acoustic parameters which at least in part determine the transfer 
function of said auditory prosthesis, said acoustic parameters being adjustable, having the steps of: v 
determining said target auditory response of said user; and 

determining said transfer function of said auditory prosthesis, characterized by further 
. 30 storing a software model of said transfer function or of the transfer function, of an exemplary model of 

said auditory prosthesis; and 

optimizing said acoustic parameters of auditory prosthesis by comparing the auditory response of said, 
software model with said target auditory response and by adjusting said acoustic parameters to minimize the 
error of said comparison. 

35 The present invention is also designed for use with an auditory prosthesis having acoustic parameters 

which at least in part determine the acoustic fitting function of the auditory prosthesis, the acoustic parameters 
being adjustable. 

According to a second aspect of the present invention there is provided an apparatus for determining 
acoustic parameters of an auditory prosthesis which will provide a user of said auditory prosthesis with a target 
40 auditory response, said auditory prosthesis having acoustic parameters which at least in part determine the 
transfer function of said auditory prosthesis, said acoustic parameters being adjustable, said apparatus hav- 
ing: 

first means for determining said target auditory response of said user; and 

second means adapted to be operably coupled to said user for determining said transfer function of said 
45 auditory prosthesis, said apparatus characterized by: 

storage means operably coupled to said second means for storing a software model of said transfer 
function or of the transfer function of an exemplary model of said auditory prosthesis; and 

optimization means operably coupled to said first means and said second means for optimizing said 
acoustic parameters of auditory prosthesis by comparing the auditory response of said software model with 
50 said target auditory response and for adjusting said acoustic parameters to minimize the error of said com- 
parison. 

Brief Description of Drawings . , 

55 The foregoing advantages, construction and operation of the present invention will become more readily 

apparent from the following description and accompanying drawings in which: 

Figure 1 is a block diagram of a prior art fitting system operating in conjunction with an auditory prosthesis; 
Figure 2 is a schematic illustration of a prior art fitting system operating during the fitting process; 
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Figure 3 is a flow chart illustrating the prior art fitting system; 

Figure 4 is a schematic Illustration of the fitting system of the.present invention operating during the fitting 
process; 

Figure 5 is a flow diagram of the fitting system utilizing the present invention; 
5 Figure 6 is a block diagram illustration of a fitting system utilizing the present invention; 

Figure 7 is a block diagram illustration of the flow chart of the real ear measurement step of the fitting 
system utilizing the present invention; and 

Figure 8 illustrates an "error surface" encountered by an optimization technique; 

10 Petal led Description 

Figure 1 illustrates a prior art auditory prosthesis 10, which in this descriptk}n is described as being a hear- 
ing aid. The auditory prosthesis has a microphone 12 for receiving an acoustic signal 14 and converting the 
acoustic signal 14 into an electrical signal 16 for transmission to a signal processor 18. The signal processor 

15 18 operates on the electrical Input signal 16 provides a processed electrical signal 20 which is transmitted. to 
a receiver 22 to be transformed into a signal which is perceptible to the user of the auditory prosthesis 10. The 
auditory prosthesis 10 illustrated in Figure 1 Is adjustable in its auditory characteristics. The auditory charac- 
teristic of the auditory prosthesis 1 0 is determined by a set of acoustic parameters 24 stored within the auditory 
prosthesis 10, preferably, or in any other convenient retrievable location. The signal processor 1.8 modifies 

20 the electrical input signal 16 in accordance with a set of acoustic parameters 24 to provide the processed eleo 
trical signal 20. The set of acoustic parameters 24 define the auditory characteristic of the auditory prosthesis 
1.0. An example of such an auditory prosthesis includes a signal processor such as is described in United States 
Patent No. 4,425,481 , Mangold et ai. Receiver 22, which in hearing aid parlance is a miniature speaker, which 
produce a signal which is adapted to be perceptible to the user of the auditory prosthesis 10 as sound. Since 

25 the set of acoustic parameters 24 is modifiable, or in one embodiment may be selected from a plurality of sets 
of acoustic parameters 24, the auditory characteristic of a particular auditory prosthesis 10 is adjustable and 
is determined, at least in part, by the set of acoustic parameters 24. 

In order to provide the user of the auditory prosthesis 10 with an appropriate auditory characteristic, as 
specified by the set of acoustic parameters 24, the auditory prosthesis 1 0 must be "fit" to the individual's hear- 

30 ing Impairment. The fitting process involves measuring the auditory characteristic of the individual's hearing, 
calculating the nature of the amplification or other signal processing characteristics needed to compensate 
for a particular hearing impairment, determining the individual acoustic parameters 24 which are to be utilized 
by the auditory prosthesis 10 and verifying that these acoustic parameters do operate in conjunction with the 
individuars hearing to obtain the compensation desired. With the programmable auditory prosthesis 10 as 11- 

35 lustrated In Figure 1, the adjustment of the set of acoustic parameters 24 occurs by electronic control from a 
fitting apparatus 26 which communicates with the auditory prosthesis 10 via communication link 28. Usually, 
fitting apparatus 26 is a host computer which may be programmed to provide an initial '*fitting", i.e., to determine 
the initial values for the set of acoustic parameters 24 In order to compensate for a particular hearing impair- 
ment for a particular individual with which the auditory prosthesis 10 Is intended to be utilized. Such an initial 

40 **f itting" process is well known in the art Examples of techniques which can be utilized for such a fitting process 
may be obtained by following the technique described in Skinner, Margaret W., Hearing Aid Evaluation , Prentice 
Hall, Englewood Cliffs, New Jersey (1988), especially Chapters 6-9. Similar techniques can be found in Bris- 
key, Robert J., "Instrument Fitting Techniques", in Sandlln, Robert E., Hearing Instrument Science and Fitting 
Practices, National Institute for Hearing Instrunrients Studies, Livonia, Michigan (1985), pp. 439-494. 

45 Figure 2 illustrates such a prior art fitting system 26 being operated in conjunction with a programmable 

auditory prosthesis 10 which Is being fit to an individual or patient 30. In operation, the fitting system 26 is 
used in conjunction with the auditory prosthesis 10 coupled to the individual 30 in order to determine and adjust 
the auditory prosthesis 10 to properly compensate for the individual's 30 hearing impairment. 

This prior art process is illustrated In Figure 3. First, an audiogram 11 0 is made of the individual's 30 hearing 

so impairment by standard well known techniques, such as is described Green, David S., "Pure Tone Air Conduc- 
tion Testing", Chapter 9, in Katz, Jack, editor, Handbook of Clinical Audiology . Williams & Wilklns, Baltimore, 
Maryland (1978). The audiogram 110 represents the actual auditory ability of the Individual 30 and, hence, 
illustrates or represents the hearing impairment of the individual 30. From the hearing impairment of the indi- 
vidual 30, as represented by the audiogram 110, the prescriptive method, or compensation of the hearing im- 

55 pairment, 112 can be developed, also by well known techniques. From the prescriptive method 112 an insertion 
gain 114 is determined. That is, once the prescriptive method 112, or the compensation needed for this Indi- 
vidual's 30 hearing impairment has been determined, the settings of the acoustic parameters 24 of the auditory 
prosthesis 10 can be determined at step 114. Once the insertion gain 114 is determined, a particular auditory 
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prosthesis is selected 117 and adjusted 118 according to that insertion gain 114. With the auditory prosthesis 
10 adjusted as in step 118, the actual response of the individual 30 is measured 120. From the measured re- 
sponse 120, it can be determined whether the auditory prosthesis 10 Is adjusted properly (step 122). If the 
auditory prosthesis, at this point, is adjusted properly, the process ends (step 124). If, however, the auditory 
prosthesis is not adjusted properly (step 122), the process must revert back to step 118 where the auditory 
prosthesis 10 Is readjusted to a new or better approximation of an auditory characteristic and the response is 
again measured at block 1 20. Again, it is determined whether or not the auditory prosthesis is adjusted properly 
at step 1 22. Thus, an iterative adjustment and measurement of the response of the individual 30 occurs. This 
well known adjustment/fitting technique is represented in the prior art fitting system as illustrated by block 26 
in Figures 1 and 2. It can be seen that the entire process for fitting system 26, as illustrated in Figure 3 must 
be done with the auditory prosthesis 10 operating in conjunction with the individual 30. Thus, depending upon 
the length of the iterative process, the individual 30 is subjected to a long and arduous fitting process with the 
auditory prosthesis being utilized in conjunction with the individual's 30 ear. Since much time is spent for each 
fitting step, a fewer number of iterative processes can be performed in the same amount of time, resulting in 
potentially high in accuracy in the fitting process. 

Figure 4 illustrates a fitting system 32 of the present invention operating in conjunction with an auditory 
prosthesis 10, again being fitted to individual 30. Fitting system 32 contains an automated fitting program 34 
which may operate either in conjunction with the auditory prosthesis 10 or with a software model 36 of the 
auditory prosthesis 10 which is stored in, or retrievable by, fitting system 32. 

The procedures involved in the fitting system 32 are illustrated in Figure 5. As in the prior art fitting systems 
26, fitting system 32 starts with an audiogram 110 of the individual's 30 hearing. This technique is well known 
and exactly the same as it is performed in the prior art fitting system 26 illustrated in Figure 3. 

Again as in Figure 3, the procedure in Figure 5 develops a prescriptive method 112 from the audiogram 
110. From the prescriptive method 112 an insertion gain that is the desired auditory characteristic of the au- 
ditory prosthesis 10 is determined. The determination of the prescriptive method 112 and the development of 
the insertion gain are exactly the same as they occur in the prior art fitting system 26 illustrated in Figure 3. 
With fitting system 32, a real ear measurement 126 of the auditory prosthesis 10 operating in conjunction with 
the individual 30 Is obtained by the automated fitting program 34. The technique used to perform the real ear 
measure 126 will be described later. From the real ear measure 126 and the insertion gain 116 determined 
previously, a target response of the auditory response is computed 128. The computed tiarget response 128 
simply takes the insertion gain as determined by 116 and it modifies that insertion gain according to the real 
ear measured 126 corrections. Thus, the computed target response 128 simply represents a combination of 
the Insertion gain 116 and the real ear measure corrections 126. The fitting system 32 then "adjusts" 130 the 
acoustic parameters which would determine the auditory characteristics of the auditory prosthesis. This "ad- 
justment" is performed utilizing a software model 36 of the auditory prosthesis contained in the fitting system 
32. Thus, the adjustment 130 need not be performed vyith the fitting system 32 coupled to the auditory pros- 
thesis 10. The adjustment 130 can be performed independently and separately from any connection to the 
auditory prosthesis 10 and, hence, the individual 30 is not encumbered at this point. From the software model 
36, the presumed response 132 of the auditory prosthesis 10 is computed. Since the fitting system 32 contains 
a software model 36, it is not necessary to actually operate the auditory prosthesis 10 with the calculated 
acoustic parameters 24, but it is merely necessary to utilize the software model 36 to compute the projected 
response 132. Step 134 determines whether the presumably properly "adjusted" auditory prosthesis 10 has 
the proper values of acoustic parameters 24 to provide the auditory characteristic as determined by the com- 
puted target response 128. If the adjustment determination at step 134 indicates, based upon the software 
model 36, that the presumed auditory prosthesis 10 will not operate properly, then the process reverts to the 
"adjustment"' 130 step and the acoustic parameters of the auditory prosthesis 10 are readjusted, based upon 
known techniques, to new values where a new computed response 132 may be obtained and a new determi- 
nation as to the proper adjustment of the presumed auditory prosthesis 10 may be performed (step 134). If 
the adjustment, however, is proper, then the process optionally ends or (as shown) the auditory prosthesis is 
adjusted 118 with that set of acoustic parameters 24 and the actual response of the auditory prosthesis 1 0 Is 
measured 120. If this adjustment of the auditory prosthesis 10 is proper (step 122), then the process is ended 
(step 124). If at step 122. after actually measuring the auditory prosthesis 10 in conjunction with the individual 
30, it is determined that the adjustment is not proper, the process returns to recompute the target response at 
step 1 28 or to readjust the control settings at step 1 30 in order to revise and obtain a new computed response 
132 and the process Is again accomplished from that point forward. 

It is to be noted that only step 110 (determining the audiogram) and steps 118-124 (actually measuring 
the output) need be performed in conjunction with the individual 30. The remainder of the iterative adjustment 
technique contained in steps 128-134 may be performed by the fitting system 32 with the automated fitting 
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program 34 operating in the direct conjunction with the software model 36 and without utilization, of or con- 
nection with, the actual auditory prosthesis 10 or any encumbrance of the individual 30. Thus, individual 30 
avoids the long, arduous, Iterative adjustment techniques Involved In processing the fitting system 32. 

The use of the software model 36 can be also illustrated with reference to the block diagram shown in 

5 Figure 6. In this diagram, the individual's 30 target auditory characteristic is determined at block 210 (embody- 
ing blocks 110, 112 & 114 in Figure 5). This target iauditory response can be developed by known techniques. 
Further, the acoustic characteristics of the individual's 30 ear, I.e., a real ear measurement, Is accomplished 
at block 212. This real ear riieasurement Is similar to block 126 illustrated in Figure 5. The electrical response 
of the actual auditory prosthesis 10 Is determined in block 214. This can be accomplished by measuring the 

10 auditory characteristics of an auditory prosthesis 10, I.e., Its acoustic Input to output characteristics, with the 
auditory prosthesis 10 being operated separately from the individual 30. 

Thus, block 210 determines the target auditory characteristic of the individual, e.g., by the performance 
of ah audiogram and subsequent calculation, and the acoustic real ear measurement 212 of the auditory pros- 
thesis 10 on individual 30 is determined, in addition, actual measurements are taken of the electro-acoustic 

15 response to 14 of the auditory prosthesis 10 but this need not be done in conjunction with the Individual 30 
nor at the same time. From the acoustic characteristics of the real ear measurement from block 212 and the 
electrical response of the auditory prosthesis 10, a software model 36 of the auditory prosthesis 10 may be 
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212 can be compared with the characteristics of the software model of the auditory prosthesis 10 from block 

20 36 to adjust the values of the software model's parameters so as to minimize any error between the target 
auditory response from block 212 and the response of the software model 36. Using these known optimization 
techniques, the best fit for the auditory prosthesis 10 can be obtained at block 218. 

The technique to obtain the real ear measurements as discussed in block 126 of Figure 5 and block 212 
of Figure 6, may be had by reference to Figure 7. The purpose of the real ear measurement Is to obtain the 

25 acoustic characteristics of the auditory prosthesis 1 0 in combination with the individual's 30 external ear canal 
and any associated "plumbing", e.g., the ear mold, tubing, etc. These real ear measurements are commonly 
taken and utilized in conjunction with individuals. However, the usual technique is to insert a functioning au- 
ditory prosthesis 1 0 into the external ear canall or near the external ear canal of the individual 30 with the au- 
ditory prosthesis 10 "programmed" to provide the prescribed auditory characteristic to correct the individual's 

30 hearing impairment The "real ear measurement" then obtains the actual response of the prescribed auditory 
characteristics correcting the hearing Impairment of the individual. The real ear measurement technique Illu- 
strated in Figure 7 utilizes the same real ear measurement technique except that first the unoccluded ear canal 
response is measured at block 310 across the entire frequency range with which the auditory prosthesis 10 
is designed to be operated. Next, the auditory prosthesis 1 0, or in a less preferred embodiment a replica thereof 

35 dedicated to the fitting system 32, is set to a known standard configuration, which is not dependent upon the 
individual hearing impairment of the individual 30, and is operated in conjunction with the individual 30 and his 
external ear canal. This Is illustrated by block 312. Without presenting a sound stimulus to the auditory pros- 
thesis 10, the sound level is measured with a real ear measurement with the auditory prosthesis in the ear 
and operating as Illustrated at block 314. An auditory stimulus Is the presented to the auditory prosthesis 10, 

40 at block 316, and the real ear response is measured. At block 31 8, it is determined whether the measurement 
obtained In block 316 Is at least 10 dB more than the measurement obtained in block 314. If not, the gain of 
the auditory prosthesis 1 0 Is Increased at block 320 and the process returns to step 314 where a new nonsound 
stimulus real ear measurement is obtained and then at block 316 where a sound stimulus response is measured 
and a new determination is made of whether the measurement at block 316 is at least 10 dB greater than the 

45 measurement made atblock 314. This process Is repeated until the auditory prosthesis 10 provides a response 
at block 316 which Is at least 10 dB greater than the response measured In block 314 or until a present max- 
imum allowable level is reached and operator intervention is required. The process, then at block 322, using 
the software model 36, predicts what the measurement at block 316 should have been based on the sound 
stimulus presentied. Block 324 then computes the difference between the result from block 322 and the result 

50 obtained in block 316. The difference between these values becomes the real ear measurement correction 
discussed at block 126 in Figure 5. Thus, the technique illustrated in Figure 7 measures the appropriate Veal 
ear" acoustics and the amount of compensation needed to supplement the software model 36 to apply to the 
particular Individual 30. 

The optimization technique illustrated in block 216 of Figure 6, while being applied to the software model 
55 and the present invention, may be one of the many well known techniques for determining the proper values 
with a set of unknowns which can not be solved analytically. A preferred optimization technique involves a "con- 
strained, modified method of steepest descent" (sometimes referred to as a "gradient method"), using Newton 
accelerators. The constraints are the values of the set of acoustic parameters 24, e.g., a center frequency of 
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between 500 and 4,000 Hertz and maximum power output which is not greater than the uncomfortable loud- 
ness level. The optimization criteria include centering, i.e., the center frequency being as close as possible to 
1500 Hertz; the inband average error in both the high pass and low pass frequency bands and the absolute 
error of the entire amplitude over the entire frequency response of the auditory prosthesis 10, i.e., the dB dif- 
5 ference between the model and the target auditory response. Successful optimization depends upon a good 
initial estimate of the values of the acoustic parameters which can be done with known auditory techniques. 

These initial estimate techniques are well understood in the art. As an example, the initial estimate for the 
crossover frequency is chosen as a weighted average of the frequencies f| at which the model response is cal- 
culated according to the formula: 

10 

Where In is the Naperian logarithm. t| is the target response at the i"^ frequency, and e=2.71 8281828. The 
summations are taken over the range of i which gives frequencies fi from the lowest to the highest at which 
20 the model is calculated (in this case 125-8000 Hz). 

Minimizing the error resulting from specific values of acoustic parameters 24 involve trying a new value 
for the acoustic parameters and comparing the target insertion gain with the predicted response from the mod- 
el. Through appropriate optimization techniques, this comparison can be made to find the minimum of the error 
function by moving in the proper direction "down" the error surface. Reference on how to obtain this optiml- 
25 zation can be be found in Adby, P.R. and Dempster, M.A.H., Introduction to Optimization Methods . Chapman 
and Hall, London (1974). 

Figure 8 schematically illustrates the general optimization problem with more than one variable. The two 
parameters, 1 and 2 may be set to particular values arbitrarily. In this example, the error, computed as Just 
described, describes a parabola as a function of parameters 1 and 2. In general, for a N-dimensional optlmi- 

30 zation, the error surface exists In a space of dimension (N + 1), The goal is to find the minimum error. In the 
example given in Figure 8, the initial choice of (P^ Pa) results in a non-minimum error, as shown'by point Aon 
the error surface. The optimization algorithm must find the minimum point, point 8, by search through the error 
space. Note that in general the error surface or function described analytically is not known. However, there 
are many methods developed to cope with this problem which involve, in general, evaluating equations. 

35 In the software fitting system 32, the programmable parameters are: 1 . Microphone attenuation, 2. Cross- 

overf requency between low pass and high pass channels, 3. Attenuation in the low pass automatic gain control 
circuitry, 4. Attenuation in the low pass channel following the automatic gain control circuitry, 5. Attenuation 
in the high pass automatic gain control circuitry and 8. Attenuation in the high pass channel following the au- 
tomatic gain control circuitry. There are two other programmable measures, low pass and high pass release 

40 time but they do not affect the frequency response and are not among the optimized quantities in the preferred 
-embodiment. The following equations utilizing these programmable acoustic parameters 24 provide for the 
software model 36. The estimated IG(f) [in dB] = the acoustic correction (f) + microphone, response (f) + + in- 
ternal amplifiers (f) + receiver response (f) + microphone attenuation (f) + 20 x log lo [LP (fc-f) x 1 0(agc|_ + attlvm 
+ HP (f-fc) X 10(AGCH + ATTH/20] + constant. Where the notation X(0 is Intended to indicate that the value of x is 

45 as function of frequency f. These equations describe the software model in the frequency domain. It is to be 
recognized and understood that other equations may also calculate the amplitude response of the auditory 
prosthesis when set to acoustic parameters 24. 

Thus, It can be seen that there has been shown and described a novel method and an apparatus for de- 
termining the acoustic parameters of an auditory prosthesis. It is to be recognized and understood, however, 

50 that various changes, modifications and substitutions In the form and the details of the present Invention may 
be made by those skilled in the art without departing from the scope of the invention as defined by the following 
claims. 



55 Claims 

1. A method of determining acoustic parameters (24) of an auditory prosthesis (10) which will provide a user 
(30) of said auditory prosthesis (10) with a target auditory response (128), said auditory prosthesis (10) 
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having acoustic parameters (24) which at least in part determine the transfer function of said auditory 

prosthesis (10), said acoustic parameters (24) being adjuistabie, having the steps ot . 
determining said target auditory response (1 28) of said user (30); and 
determining said transfer function of said auditory prosthesis (10), characterized by further: 
storing a software model (36) of said transfer function or of the transfer function of an exemplary 

model of said auditory prosthesis; and 

optimizing (130-134) said acoustic parameters (24) of auditory prosthesis (10) by comparing the 

auditory response of said software model (36) with said target auditory response (128) and by adjusting 

said acoustic parameters (24) to minimize the error of said comparison. 

2. A method as in claim 1 wherein said software model (36) of said transfer function comprises a software 
look-up table to serve as said transfer function. 

3. A method as in claim 1 wherein said software model (36) of said transfer function comprises a set of math- 
ematical equations to serve as said transfer function. 

4- A method as in claim 3 wherein said optimizing (1 30-134) step further comprises solving said set of math- 
ematical equations for said acoustic parameters (24) based upon said target auditory response (128). 

5. An apparatus (32) for determining acoustic parameters (24) of an auditory prosthesis (10) which will pro- 
vide a user (30) of said auditory prosthesis (10) with a target auditory response (128), said auditory pros- 
thesis (10) having acoustic parameters (24) which at least in part determine the transfer function of said 
auditory prosthesis (10), said acoustic parameters (24) being adjustable, said apparatus having: 

first means for determining said target auditory response (128) of said user (30); and 

second means adapted to be operably coupled to said user (30) for determining said transfer func- 
tion of said auditory prosthesis (10), said apparatus characterized by: 

storage means operably coupled to said second means for storing a software model (36) of said 
transfer function or of the transfer function of an exemplary model of said auditory prosthesis; and 

optimization means operably coupled to said first means and said second means for optimizing 
(130-134) said acoustic parameters (24) of auditory prosthesis (10) by comparing the auditory response 
of said software model (36) with said target auditory response (1 28) and for adjusting said acoustic para- 
meters (24) to minimize the error of said comparison. 

6. An apparatus (32) as In claim 5 wherein said second means further includes means for creating a software 
look-up table to serve as said transfer function. 

7. An apparatus (32) as in claim 5 wherein said second means further includes means for creating a set of 
mathematical equations to serve as said transfer function. 

8- An apparatus (32) as in claim 7 wherein said optimization means further includes means for solving said 
set of mathematical equations for said acoustic parameters (24) based upon target auditory response 
(128). 



Patentanspruche 

1. Verfahren zur Bestimmung akustischer Parameter (24) eines Horgerates (10), dasdem Benutzerdes Hor- 
gerates (10) eine Zlelhorempfindllchkeit (128) vermittelt, wobei das Horgerat (10) akustische Parameter 
(24) aufweist, die wenigstens teilweise die Obertragungsfunktion des Horgerates (10) bestimmen, wobei 
die akustischen Parameter (24) einstellbar sind, umfassend die folgenden Schritte: 

Bestimmung der Zielhorempf indlichkeit (128) des Benutzers (30); 

Bestimmung der Obertragungsfunktion des Horgerates (10), ferner gekennzeichnet durch: 
Speichern eines Software-Modells (36) der Obertragungsfunktion Oder der Obertragungsfunktion 

eines beispielhaften Modells des Horgerates; und 

Optimierung (130-134) der akustischen Parameter (24) des Horgerates (10) durch Vergleich der 

Horempf indlichkeit des Software-Modells (36) mit der Zielhorempf indlichkeit (128) und durch Einstellung 

der akustischen Parameter, urn den Vergleichsfehler zu minimieren. 

2. Verfahren nach Anspruch 1. dadurch gekennzeichnet, daR das Software-Modell (36) der Obertragungs- 
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funktion eine Software- Verweistabelle umfa&t, welche als Obertragungsfunktion dient. 

3. Verfahren nach Anspruch 1, dadurch gekenneichnet, da& das Software-Modell (36) der Obertragungs- 
funktion eine Reihe nnathematischer Gleichgngen umfadt, welche als Obertragungsfunktion dienen. 

4. Verfahren nach Anspruch 3, dadurch gekennzeichnet, daR der Optimlerungsschritt (1 30-1 34) ferner die 
Losung der Reihe mathematischer Gielchungen fur die akustischen Parameter (24) auf der Basis der 
Zielhorempflndlichkeit (128) umfa&t. 

5. Vorrichtung (32) zur Bestlmmung akustischer Parameter (24) eines Horgerates (10), welche dem Benut- 
zer des Horgerates (10) eine Zielhorempfindlichkeit (128) vermittelt, wobei das Horgerat (10) akustlsche 
Parameter (24) auf weist. die wenigstens teilweise die Obertragungsfunktion des Horgerites (1 0) bestinrv 
men, wobei die akustischen Parameter (24) einstellbar sind, wobei die Vorrtehtung folgendes umfa&t: 

eine erste Einrichtung zur Bestimnriung der Zielhorempfindlichkeit (128) des Benutzers (30); 

eine zweite Einrichtung. welche f unktionsfahig mit dem.Benutzer (30) gekoppelt ist, und zwar zur 
Bestlmmung der Obertragungsfunktion des Hdrgerates (1 0), wobei die Vonrrchtung durch fotgendes ge- 
kennzeichnet ist: ' 

eine Speichereinrichtung, welche mit der zweiten Einrichtung gekoppelt ist, zum Speichern eines 
Software-Modells (36) der Obertragungsfunktion oder der Obertragungsfunktion eines beispielhaflen 
Modells des Horgerates; und 

eine Optimierungseinrichtung, welche f unktbnsfShig mit der ersten und der zweiten Einrichtung 
gekoppelt ist. zur Optimierung (130-134) der akustischen Parameter (24) des Horgerates (10) durch Ver- 
gleich der Horempf indlichkeit des Software-Modells (36) mit der Zielhorempfindlichkeit (128) und zur Ein- 
stellung der akustischen Parameter, um den Vergleichsfehler zu minimieren. 

6. Vonrichtung (32) nach Anspruch 5, dadurch gekennzeichnet, dad die zweite Einrichtung ferner eine Ein- 
richtung zur Gestaltung einer Software-Verweistabelle umfa&t, welche als Obertragungsfunktion dient 

7. Vonrichtung (32) nach Anspruch 5. dadurch gekennzeichnet. daa die zweite Einrichtung ferner eine Ein- 
richtung zur Erzeugung einer Reihe mathematischer Gielchungen umfa&t, welche als Obertragungsfunk- 
tion dienen. • . 

8. Vorrichtung (32) nach Anspruch 7, dadurch gekennzeichnet, daR die Optimlerungseinrichtung ferner eine 
Einrichtung zum Losen der Reihe mathematischer Gielchungen fur die akustischen Parameter (24) ba- 
sierend auf der Zielhorempfindlichkeit (128) umfadt. 



Revendications 

1. Proc6d6 de determination de parametres acoustiques (24) d'une prothese auditive (10) qui va doter un 
utilisateur (30) de ladite prothese auditive (10) d'une r^ponse auditive cible (128), ladlte prothdse auditive 
(10) pr6sentant des parametres acoustiques (24) qui au moins en partie d6terminent la fonction de trans- 
fert de ladite prothese auditive (1 0), lesdits parametres acoustiques (24) etant r^glables, comprenant les 
etapes consistant d : 

determiner ladite reponse auditive cible (128) dudit utilisateur (30) ; et 

determiner ladite fonction de transfert de ladite prothese auditive (10), caracterise en ce qu'il 
comprend en outre les etapes consistant k : 

stocker un modeie logiciel (36) de ladite fonction de transfert ou de la fonction de transfert d'un 
modeie illustratif de ladite prothese auditive ; et 

optimiser (130 e 134) lesdits parametres acoustiques (24) de la prothese auditive (10) en compa- 
rant la reponse auditive dudit modeie logiciel (36) avec ladite reponse auditive cible (128) et en r6glant 
lesdits parametres acoustiques (24) pour minimiser I'erreur de ladite comparaison. 

2. Precede selon la revendication 1. dans lequel ledit modeie logiciel (36) de ladite fonction de transfert 
comprend une table de consultation logicielle servant au titre de ladite fonction de transfert. 

3. Precede selon la revendication 1, dans lequel ledit modeie logiciel (36) de ladite fonction de transfert 
comprend un ensemble d'equations mathematlques servant au titre de ladite fonction de transfert. 
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Proc6d6 selon ta revendicatlon 3, dans iequel ladite 6tape d'optlmlsation (130 ^134) comprend en outre 
la resolution dudit ensemble d'^quations mathSmatiques pour lesdits param^tres acdustiques (24) sur la 
base de ladite r^ponse auditive cible (128). 

Dispositif (32) pour determiner des param6tres acoustiques (24) d'une proth^se auditive (1 0) qui va doter 
un utilisateur (30) de ladite proth^se auditive (10) d'une r^ponse auditive cible (128), ladite protlidse au- 
ditive (10) pr^sentant des param^tres acoustiques (24) qui au moins en partie d§tenninent la fonction de 
transfert de ladite proth^se auditive (10), lesdits parametres acoustiques (24) ^tant r^giables, iedit dis- 
positif comprenant : 

des premiers moyens pour determiner ladite r^ponse auditive cible (128) dudit utilisateur (30) ; et 
des deuxi^mes moyens census pour §tre couples en fonctionnement audit utilisateur (30) af in de 

determiner ladite fonction de transfert de ladite prothese auditive (10), Iedit dispositif etant caracterise 

par: 

des moyens de stockage couples en fonctionnement auxdits deuxiemes moyens pour stocker un 
modeie logiciel (36) de ladite fonction de transfert ou de la fonction de transfert d'un modeie illustratif de 
ladite prothese auditive ; et 

des moyens d'optlmlsation couples en fonctionnement auxdits premiers moyens et auxdits deuxie- 
mes moyens af in d'optimiser (1 30 e 1 34) lesdits parametres acoustiques (24) de la prothese auditive (1 0) 
en comparant la reponse audith^e dudit modeie logiciel (36) avec ladite reponse auditive cible (128) et 
af in de regler lesdits parametres acoustiques (24) pour minimtser Terreur de ladite comparaison. 

Dispositif (32) selon la revendication 5, dans Iequel lesdits deuxi6mes moyens comprennent en outre des 
moyens pour creer une table de consultation logicielle servant au titre de ladite fonction de transfert. 

Dispositif (32) selon la revendication 5, dans Iequel lesdits deuxiemes moyens comprennent en outre des 
moyens pour creer un ensemble d'equations mathematiques servant au titre de ladite fonction de trans- 
fert. 

Dispositif (32) selon ta revendication 7, dans Iequel lesdits moyens d'optimisation comprennent en outre 
des moyens pour resoudre Iedit ensemble d'equations mathematiques pour lesdits parametres acousti- 
ques (24) sur la base de la reponse auditive cible (128). 
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